C
HANGES in the chemical composition of the pig with increasing age and weight have been studied by Mitchell and Hamilton (1929) , Scott (1930) , Callow (1935) , Moulton et al. (1922) and Spray and Widdowson (1951) . Likewise, the chemical analyses of all or some parts of animals or carcasses have been used to validate various indirect methods of estimating body composition (Morales et al., 1945; Messinger and Steele, 1949; Kraybill et al., 1953; Doornenbal, 1961; Osinska, 1962; and Gnaedinger et al., 1963) . However, the chemical composition of fullvs. restricted-fed pigs started and slaughtered at identical live weights has not been compared. This experiment was designed to investigate the chemical composition of the empty body, edible carcass and all other body parts (later referred to as "offal") and the fatty acid constituents of mid-back fat associated with differences in bodyweight, sex and feed intake of growing pigs.
Mean values for bodyweight gain, feed data and for some of the carcass measurements as well as statistical relationships among some of the physical and chemical parameters in this experiment were reported previously (Babatunde et al., 1966) .
Experimental
Thirty closely-related Yorkshire barrows and gilts (18 gilts and 12 barrows) weighing between 20 and 27 kg. were housed in individual pens and fed ad libitum on 19.8% protein in a diet adequate in alI known nutrients until they reached 45.5+--2.3 kg. live weight. The percentage composition of the diet was: ground yellow corn, 69.0; soybean meal, 27.25; dicalcium phosphate, 2.0; trace mineralized salt, 0.5; ground limestone, 0.5; vitamin premix, 0.5; antibiotic supplement, 0.25. This high level of protein was used to ensure adequate protein intake even at the level of restriction imposed. At 45.5__+2.3 kg. live weight, they were paired on the bases of sex and weight. One member of each pair was randomly assigned to full-feed intake, while the other was fed 1.82 kg. per day. Bodyweight of each pig and feed intake of full-fed pigs were recorded weekly.
Three slaughter weight groups were selected (79, 90 and 102 kg.) within each group; two predetermined pairs of barrows and three of gilts were slaughtered with a preslaughter shrinkage allowance of 3 to 4 kilograms. Feed, but not water, was withdrawn approximately 16 hr. prior to slaughter. Bodyweight of each pig was recorded just before slaughter. Blood at sticking was collected and weighed. The dehaired pigs were dressed in the conventional way; the hair being discarded in all cases. The fresh weights of all the internal organs, together with the heads and the empty gastrointestinal tracts, were recorded and all were combined. The weighed, dressed carcasses were chilled for 24 hr. in a refrigerated room maintained at 4 ~ C. Conventional carcass measurements were taken on the right halves of the carefully split carcasses after chilling, while the left halves were used for chemical determinations.
For each pig, the offal and carcass were separately ground seven times. 2 Final sampling of the ground materials took place during the seventh grinding into three aluminum pans of dimensions 34x 20x 5.6 cm. Each sample of about 1.5 to 2 kg. per pan was evenly spread out in the pan, covered with thin aluminum foil, weighed and then dried in a freeze drier a to constant weight (4 to 5 days). The percentage of moisture was computed from the weights of the samples before and after drying. re-sampled into a single bulk and mixed with dry ice in the ratio of 1:3 (sample:dry ice), allowed to stand covered up for about 5 rain. to make it easier to grind the fatty materials, and then fed gradually into the grinder. The finely-ground mixture of ice and sample was left exposed overnight to allow the dry ice to disappear, after which the samples were bottled until analyzed as follows:
Total nitrogen was determined by the macro-Kjeldahl method of A.O.A.C. (1955) . Duplicate sample sizes of 1.0 to 1.5 gm. were used. The total N x 6.25 gave the crude protein content.
The residual moisture in the samples (absorbed when the ground samples were being exposed to the atmosphere to allow the dry ice to disappear before bottling) was determined on samples 5 to 6 gin. weighed into aluminum extraction thimbles which had been previously oven-dried, cooled and freeze-dried to constant weight. The dried samples were used for fat and total ash determinations.
For fat determination the dried samples from above were plugged with glass wool and placed in large Soxhlet Extractors for conventional ether extraction.
Ash was determined by keeping the etherextracted samples in an electric furnace maintained at 550 ~ C. for 3 days.
The percentages of all the proximate chemical components were calculated first on a per gram of dry matter basis and then for the total dry matter of the offal and carcass; and, finally, computed for the whole empty body of the animals.
Gross energy was determined on samples of about 1 gm. which were pelleted and used in the Parr's Adiabatic Oxygen Bomb calorimeter.
Fatty acids in the backfat was measured in 10 gm. portions of the mid-back fat samples which were mixed and heated at 110 ~ C. for 2 hr. to melt. Methylation of the melted samples was done according to the method of DeMann (1964). They were heated for 4 hr. in anhydrous reagent grade methanol and sample sizes of 5 to 10 ~I. of the methanol esters used in the gas chromatographic analysis, using Beckman G. C., Model 2A. Helium gas flow rate was 40 to 60 ml. per minute. The stainless steel columns were 2 m. long and the substrate was 15% ethylene glycol succinate on 60 to 80 mesh chromasorb WDCMS.
The data were statistically analyzed according to the unweighted squares of means method with three weight groups, to treatments and two sexes giving a 3X2X2 factorial design. The comparisons were made between two groups at a time, two treatments and two sexes, thus giving one degree of freedom for group, treatment, or sex and 18 for the error mean square. The analysis of variance is as follows:
Non-orthogonal comparisons.
Statements of statistical significance refer to the 0.05 level of probability. The correlationregression analyses were run with sex, treatment and weight groups disregarded. Tables 1, 2 and 3 give the means and the "F" values for the three weight groups and the two dietary treatments related to composition of the empty body, carcass and offal, respectively. Pigs slaughtered at the lightest weight (79 kg.) had significantly higher empty body protein and water, and significantly lower fat and gross energy than either of the two heavy groups (90 or 102 kg.) The ash content showed no significant difference among the groups. However, the differences in the empty body proximate constituents of the 90 vs. 102 kg. were not significant and, in most cases, the means were almost identical.
Results and Discussions

Chemical Composition o] the Empty Body, Carcass and Offal.
Restricting feed intake to 1.82 kg. per head per day significantly increased the empty body protein and reduced the fat; although the means for ash and water contents were also greater in the restricted group, the observed differences were not statistically significant.
The chemical composition of the carcass and offal largely followed the same trends as observed for the empty body. The only deviation observed between the carcass and empty body chemical composition was in the water content of the carcass in which the limited-fed pigs had significantly higher water content than the full-fed pigs. In the chemical composition of the offal, none of the differences observed in the protein percentages among weight groups was significant nor were the treatment differences in fat, ash and water. Mean protein was highest for the lightest group and diminished gradually as the slaughter weight increased. Also, the full-fed pigs had slightly higher extractable fat in the offal than their limited-fed counterparts. All other comparisons gave results similar to those for empty body or carcass composition.
Of special importance is the large difference observed between the proximate constituents of the lightest group compared with the two heavier groups. These differences, which tended to be highly significant when comparing the lightest vs. heaviest pigs, were not evident when the two heaviest groups were compared (90 vs. 102 kg.). In fact, the chemical composition of the empty body, the carcass and the offal to a large extent, are almost identical for these two heavy groups. Although these percentages were not based on fat-free body, they fit well with Moulton's (1923) 102 kg. groups, it would appear that, at about 90 kg. live weight, the pig is already chemically mature, and further changes are effected only by the imposition of extremely rigorous treatments. On the other hand, these figures were not strictly constant but varied slightly. Reid et al. (1955) in their investigation with cattle observed this same phenomenon and submitted that these chemical constituents are not absolutely constant but do vary within narrow limits.
The absolute weights of empty body protein and fat have been regressed on the empty bodyweights for the three groups (see figures 1 and 2) and the regression equations also shown for these relationships. These graphs clearly show that the absolute quantities of empty body protein and fat increased with increase in slaughter weight, unlike the same variables expressed as percentages of the empty bodyweight (table 1) which showed significant differences only between the 79 and 102 kg. groups, but not between the 90 and 102 kg. groups. The distribution of the points along the regression line shows clearly the differences in the absolute quantities of empty body protein and fat for the full-fed pigs from those of the limited-fed pair mates for the three groups. These facts suggest that, although weight influenced the chemical composition of these pigs, dietary treatment was effective in bringing about a different distribution of points on either side of the regression line for both protein and fat within each weight group. Except for the degrees of significance attained by the differences, the chemical composition of the offal followed the same trends observed for the carcass and the empty body. This indicates that one could have a reasonably good idea of the chemical composition of either the carcass or the empty body by analyzing the portions of the body which are composed of mostly the nonedible parts (the empty gastrointestinal tract, head and internal organs) and applying the regression equations shown below to predict any of the chemical components of the empty body.
Kg The proximate chemical components of the full-and limited-fed pigs followed the same trends in the empty body, carcass and offal, the full-fed pigs always having a higher percentage of fat but lower percentages of protein, ash and water than the limited-fed pigs. This would seem to justify the conclusion that in the pig there is no fat re-distribution through feed restriction, and that full-and limited-fed pigs slaughtered at the same live weight will not have identical chemical composition, a phenomenon that has been observed with the sheep (J. T. Reid, unpublished data). For, if there were fat re-distribution from the carcass to the internal organs, one would expect the offal of restricted-fed pigs to have significantly higher extractable fat than that of full-fed pigs. As the results showed (tables 1, 2 and 3), this was not so. Table 4 gives the means and the F values for the weight groups and the treatments. Except for the 79 vs. 90 kg. groups which gave a significant difference in oleic acid content alone, all other weight group comparisons in fatty acids showed no significant difference. The broad generalization to be made from these results is that the lightest pigs at slaughter had lower percentages of the saturated acids (palmitic and stearic) and higher percentages of unsaturated acids (oleic and linoleic). The figures for the 102 kg. weight, however, did not entirely conform to this generalization, and the anomalous data for this group could have been caused by the fact that the level of restriction imposed had a much greater influence on this group and tended to soften the back fat. Apart from these slight deviations, however, it would appear that the lightest pigs have relatively more unsaturated and less saturated fatty acids than the heaviest groups and, consequently, as the pig ages and fattens, the proportion of saturated fatty acids increases while the unsaturated fatty acids decrease, accounting for the softer fat of younger pigs. This generalization largely agrees with McMeekan's view (1940) 
Effects on Fatty Acid Constituents o/ the Mid-back Fat.
of age, the fat becomes more saturated and the iodine number drops as fattening progresses. There were, however, remarkable treatment differences in the fatty acids. The full-fed pigs had significantly higher palmitic and stearic acids, and significantly lower palmitoleic and linoleic acids. Myristic and oleic acids showed no significant treatment differences, but the former was slightly higher and the latter slightly lower for full-than limited-fed pigs. These results conform to the findings of previous workers, most of whom had carried out only physical determinations, such as refractive index or specific gravity. Callow (1935) had reported that the rate of growth has an effect on the nature of fat deposited by the pig, claiming that the slow-grower usually has a slower rate of fat deposition and, therefore, does not need to synthesize fat from carbohydrate to the same extent as a rapidly growing, full-fed pig. He concluded that the fat produced by slow-growing pigs is, consequently, more likely to resemble the ingested fat of the food and be relatively unsaturated.
Similarly, McMeekan (1940) found that severe restriction in feed intake of pigs after 45 kg. live weight caused increases of 4 and 3 units of iodine number for the inner and outer back fat of pigs, respectively, compared to the full-fed pigs. Hilditch et al. (1939) reported that on a restricted diet, the deposition of fat was not only slower but the fat produced was also softer, owing to small increases in the proportion of linoleic and oleic acids.
Sex Differences in Chemical Composition o~ Pigs. Table 5 gives the means, F values and the mean squares of the proximate constituents of the two sex groups. With respect to protein percentages, the gilts had significantly higher carcass protein and not significantly higher empty body and offal protein than the barrows. With regard to extractable fat, the barrows had significantly higher empty body and carcass extractable fat, but not significantly higher offal fat than the gilts. The mean ash content was higher in all cases for gilts than for barrows, though the differences were not significant. Gilts also had signifi- cantly higher empty body water and carcass water, but not significantly higher offal water than the barrows. There were no significant sex differences in fatty acid constituents.
There is no direct evidence to cite in support of the above findings, but indirect evidence from physical determinations exist. For instance, Bennett and Coles (1946) , Fredeen and Lambroughton (1956) and Wallace (1965) , among many others, reported significantly higher proportions of lean and much reduced back fat thickness and other fat measures in gilts than barrows. Since lean cuts are associated with higher proportions of water and protein, while the fat cuts distinctly have higher extractable fat, it would seem that the gilts with higher lean and lower fat cuts should have higher protein and water, and lower extractable fat than the barrows. the back fat, but the lightest pigs had slightly higher proportions of the unsaturated fatty acids and less of the saturated ones than the heavy groups.
The restricted-fed pigs in all cases had higher percentages of protein, ash and water, and lower fat than the full-fed pigs; these differences being significant in most of the comparisons, except for the ash content that showed no significant differences in the carcass, offal or empty body. The absolute quantities of the protein, fat, ash and water for full-vs. limited-fed pigs followed the same trends as the percentages above.
Feed restriction had the effect of increasing significantly the percentages of most of the unsaturated fatty acids and decreasing the percentages of the saturated fatty acids.
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SummaryAn experiment was carried out involving the full-vs. limited-feeding of 9 pairs of gilts and 6 of barrows from a population of closely related Yorkshire pigs from approximately 45 kg. live weight up to each of three predetermined slaughter weight groups (79, 90 and 102 kg.). The objective was to determine the effects of level of feed intake, sex and weight on the chemical composition of the empty body, edible carcass and inedible parts (offal) and the fatty acid composition of the mid-back fat.
As the slaughter weight increased, the percentages of empty body, carcass and offal protein and water decreased significantly, while the percentage of extractable fat increased significantly. These changes were most noticeable between the lightest (79 kg.) vs. the two heavy groups (90 and 102 kg.), but the two heavy groups had similar chemical composition. In absolute quantities, the protein, fat, water and ash increased as the slaughter weight increased.
Since the chemical composition of the offal followed the same trends as observed for the carcass or the empty body and were fairly close in the three categories, it would appear that a reasonably high impression of the chemical composition of either the empty body or the carcass could be gained by analyzing the inedible parts (head, empty gastrointestinal tract and all other internal organs) and saving the edible carcass.
There were no significant weight group differences in the fatty acid composition of
